Organisations of the twenty first century are increasingly dependent on knowledge, information-and communication technology (ICT). Due to the changes in modern organisations, a new role and set of expectations have emerged for ICT workers. Academic institutions have a responsibility to determine the needs of the ICT industry and develop the necessary knowledge, skills and abilities in their learners, through relevant instructional offerings and course contents.
Introduction
This paper describes a research process implemented at Technikon Pretoria in Gauteng (South Africa), to bridge the gap between the training we provide to Information Technology (IT) learners and the needs of the Information and Communication Technology (ICT) industry -the major employers of our learners. The article describes the research process from its initiation in 1999 up to current ongoing research projects.
The Department of Computer Technology completed a research project in 2001 to determine the needs of the industry in our region and to make the necessary changes to our instructional offerings. The research resulted in a new set of instructional offerings focusing on various specialisation areas of the ICT field. A Faculty of ICT was then created, consisting of a number of departments, each responsible for training and eduMaterial published as part of these proceedings, either on-line or in print, is copyrighted by Informing Science. Permission to make digital or paper copy of part or all of these works for personal or classroom use is granted without fee provided that the copies are not made or distributed for profit or commercial advantage AND that copies 1) bear this notice in full and 2) give the full citation on the first page. It is permissible to abstract these works so long as credit is given. To copy in all other cases or to republish or to post on a server or to redistribute to lists requires specific permission from the publisher at Publisher@InformingScience.org cation in one or two main focus areas. Follow-up research was initiated by the department of Business Applications and IT Management during 2002, to investigate the career of the business and systems analyst and to determine what is expected of our learners. This department is responsible for producing employees with strong business-, IT-and interpersonal skills who can play a relationship management role towards bridging the gap between business and IT (referred to as the "e xpectation gap", "adverse business-IT relationship" or "the lack of business-IT strategic alignment" in various literature sources). The focus of this research effort is to determine the needs of the ICT ind ustry and, on the other hand, to keep our clients (learners, parents, the public and other stakeholders) informed about our instructional offerings addressing these needs.
The article covers background information on the discipline of Informing Science, the nature of the ICT industry and the importance of a higher education/industry partnership in preparing learners for a career in the ICT industry. This is followed by a description of the research process aimed at improving information flow.
Background

In forming Science
Informing Science is an emerging discipline for investigating the provision of the right information at the right time to the right clients. Cohen (1999) describes the term Informing Science as applicable to "disparate fields that share the common goal of providing a client with information in a form, format and schedule that maximizes its effectiveness". Information has been defined as "that which reduces risk for the decision-maker". It is important to realise that the 'information technologies' that are used to transfer the information -or create information from data -are not limited to computing, as is sometimes implied in discussions on the 'informing science' discipline. A simple 'manual' process aimed at keeping clients informed about the activities of an organisation, also belongs to the field of Informing Science. While an Information Systems function in an organisation is to provide managers and other business clients with information, other fields may define their clients differently. For example, the clientele for higher education institutions include learners, business and industry. Cohen (1999) describes the Informing Science Framework as consisting of three components:
• The informing environment "To provide informatio n to the client in a form, level of detail and sequence to optimise the client's ability to benefit from that information." • The delivery system This refers to the use of "information technologies" for the implementation of the informing environments. 'Information technologies' in this sense is not limited to computing.
• The task-completing system
The task defines what information is needed and the task completion involves a person who has to make a decision. This element differs for the various academic disciplines (such as business, library science and education) that comprise Information Science.
The Changing Role of IT Employees in Organisations
Literature produced by research projects worldwide is unanimous in saying that organisations have undergone significant changes over the past several decades and that very few professions have seen as rapid a change as those in the field of Information Systems and Information Technology (Lee et al, 1995; Benamati,1998; Harvey,1997) . Advances in technology and business methods have changed the ways in which companies operate. The modern ICT sector is fast-paced, tough and competitive and the range of knowledge and skills that must be available to a company has expanded and diversified. Today, employers are looking for potential employees who display a combination of knowledge, skills and attributes like agility, innovation and leadership. Along with a solid skills-and academic base, a willingness to learn on the job and to upgrade skills are important. Innovation is vital in the ICT environment and people should be looking at old problems in new ways. This brought about a new set of problematic issues for the ICT industry, where a new type of employee with a different profile of knowledge, skills and attributes is needed.
An important trend in research on the skills requirements of IT employees is an increasing emphasis upon interpersonal skills and the ability to communicate with others who are involved in the information systems development process. IT professionals need more than technical skills, as technologies are changing quickly and many of these technical skills are soon obsolete.
Choosing a Career
Choosing a career is one of the most important decisions one has to take early in one's life. Many people do not like their jobs and considering that one will spend more waking hours at work than at any other activity, this phenomenon is very disturbing. People end up in the 'wrong' jobs, because they are not true to themselves and follow a career path by doing what friends or family tell them. They accept the first thing that comes along, or they look at a series of occupations and guess which one would suit them best. Today, more than ever, knowing one's own strengths, weaknesses, preferences, skills, interests, values and personality type is critical in taking control of one's career.
The career path of the successful IT worker is currently very topical and seems to be different from five years ago. In the past the typical career path of an ICT professional was linear -from programmer to systems analyst to project manager to ICT manager. In a sense the lower level ICT jobs are rapidly disappearing and the requirements for ICT professionals are becoming more demanding in multiple dimensions, particularly in the areas of business functional knowledge, interpersonal-and management skills. It is crucial for learners to be informed about the different career options in the ICT field and that they base their career choice upon this information.
The Role of Higher Education
Higher Education, in terms of both quantity and quality of skills at all levels, is the "prime determinant of a country's level of industrial productivity and hence competitiveness" (Harvey, 1998) . For South Africa to play a role in the world of technology and computing, it would therefore be essential that academic institutions produce technologically literate young people -with the necessary business, social and communicative skills -and provide the capable workforce that the country needs. In the climate of change, graduates in South Africa have to be aware of the changing nature of jobs and the required profile of employees in the different fields of ICT.
According to Hillman (1999) the total quality management (TQM) philosophy is spreading to higher education institutions. The fundamental purpose of TQM is to serve the clients better and "academic institutions serve several clients, including learners, employers, parents, alumni, lecturers, taxpayers, supporters, governing boards, administrators, staff, research users and society as a whole". Some of our most important customers are the firms that hire the institution's graduates. We must therefore have the resources and be flexible enough to serve the various needs of our client s. Within the TQM framework, our academic managers and lecturers should aim to understand the needs of the industry and the learner after graduation and "transform" it into improved training programs.
Higher Education/ICT Industry Cooperation
The ICT indus try in South Africa is a complex one and companies can no longer deny their reliance onand social and economic responsibility toward higher education institutions in the country. The industrial sector has, for a long time, been the reluctant partner in the drive for industry-higher education cooperation. Probably because of uncertainty in the ICT industry and the need to reach out to new sources of ideas, many firms are now contacting us and are showing their willingness to investigate and build collaborative relationships with us. The creation of effective joint programs of curriculum design, lecturing, research, and the investment of funds in the activities of the academic institution can result from such cooperation. The foundation can be laid for a formal partnership program between our higher education institution and the ICT companies in close proximity to us.
It has been shown that the presence of successful businesses in a community is important to the economic health and stability of the community. Education and training are critical components in building corporate strength, leading to more jobs. Sims (1989) found that "not only workers, but industry too, is increasingly turning to institutions of higher education for new knowledge and new skills. Serving this new clientele has led to an increase in the number of industry/college training partnerships and, in turn, a mutual attempt to address industry's training needs." This was also found to be true for our institution, hence a greater focus on the link with industry.
The Needs Analysis Process
The Higher Education/Industry "Expectation Gap"
Academic institutions throughout the world have often been criticised for delivering a product to the industry that is not fit for purpose (Trauth, 1993; Mawhinney, 1995; Mawhinney, 1999; James, 1992) . Often, industry is not asked what should be included in the ICT curriculum and higher education can be faulted for teaching "obsolete technologies" and "irrelevant programming languages." Trauth et al (1993) refers to an "expectation gap" resulting in companies having to retrain graduates from higher education institutions. To close the gap between the expectations of the ICT industry and what higher education delivers, Trauth suggests that industry and tertiary educational institutions must work together and that companies need to send consistent messages to universities and technikons about their expectations.
Advisory Boards and the Need for Formal Research
Advisory boards comprise respected industry representatives, who have practical experience in the relevant area(s) of the ICT field. Meetings are held three to four times per year to discuss the course structure and contents and determine its relevance. Where needed, new products and methodologies are introduced into the course contents, often with the help of the committee members.
Previously, many of the changes to instructional offerings at our institution have been based on the opinions of the advisory committees and academic staff. Despite the valuable feedback from the advisory board members, they do not represent the entire spectrum of companies with an ICT focus and they sometimes tend to give a one-sided view of the real needs of the total ICT industry. Our institution believes that, to effectively manage the academic programs, we must also have access to alternative sources of information to verify that the points of view exposed by the advisory committee represent reliable data on which to make changes or plan courses of action. It is thus necessary to do an in-depth investigation (formal research) into the needs of a representative number of ICT companies and to create and maintain close links with the ICT industry. We have no doubt that the days of the "take what you get" approach are counted.
Research is therefore continually needed on a wider scale. Furthermore, conducting personal interviews with participants will alleviate many practical problems of scheduling advisory committee meetings to suit everybody. As a higher education institution we decided to initiate a project to continually and systematically examine the fit between the skills and knowledge possessed by ICT graduates and the requirements of the ICT industry. When we do research on the required profile of ICT workers, the following aspects of the profile are addressed (Cheney et al, 1990) . ♦ Knowledge refers to the content of technical information needed to perform adequately in a job and is normally obtained through formal education, on-the-job training and information media such as manuals. ♦ Skills are the specific psychomotor processes necessary to meet the current requirements of a specific job. They are manifested through behaviours such as conducting an effective interview, writing a well-structured COBOL program, or developing a structured system specification. ♦ Abilities refer to the cognitive factors representing present capabilities or achievement levels.
It is our responsibility, as an educational institution, to "extract" this information from the industry, rather than expecting industry to "feed" us the information. The purpose of the research process is to follow a formal procedure to determine what is expected of the IT worker and then adapt our programs to address the necessary skills, knowledge and attributes. To understand how the profession of the IT worker has changed, we analyse the changing technologies, the changing business environment and the changing role of ICT in organisations -all factors driving the change in the profile of the ICT worker. This information is then conveyed back to the learners, their parents, employees and other stakeholders.
The Research Process
First phase
To determine the needs of the ICT industry in our region, a formal research process was done at our institution during late 1999 and 2000. The chosen methodology was action research, which would have been impossible without the active involvement and commitment of our academic staff and the ICT industry in our region. A clear picture of the ideal ICT worker -consisting of the technical and nontechnical knowledge and skills, as well as the personal attributes of the ICT worker in various areas of the ICT industry, was obtained through a formal 'needs-analysis program'. Major issues, as faced by ICT professionals were also determined. To ensure the relevance of ICT training, industry requirements were then related to the academic preparation of future ICT professionals.
An extensive literature study was done on the international ICT industry and the ways in which other tertiary ICT training institutions address their problems. The non-technical skills and personal attributes required of IT employees were also investigated and used as a basis for further investigation. In the survey phase, qualitative and quantitative information was obtained through the use of structured questionnaires, as well as personal interviews with senior-and line managers in the ICT industry. The questio nnaires were distributed and completed on the Internet. From the questionnaires information was obtained on the various areas of specialisation in the ICT field, the non-technical skills required and the problems experienced by employees in the ICT field. Personal interviews were conducted to obtain supporting information on the issues covered by the questionnaire. The advantage of following up the questionnaires with personal interviews was twofold: Firstly, the industry representatives could be quoted in relevant situations, to convince learners of the importance of certain changes to the courses. Learners often do not believe their lecturers that non-technical skills and abilities are important in the world of computing, and they therefore resist modules focusing on communication-and interpersonal skills, personal development and teamwork. Secondly, the method of personal contact through interviews was deliberately chosen to acquaint members from the ICT industry with the activities of our institution, and to investigate the possibility of creating partnerships between the company and the institution. Through the project we also aimed to improve the method of information retrieval for follow-up research projects of a similar nature. The feedback from the participants and the experiences of the researchers were used to improve the methods for similar future projects.
The research involved companies with ICT activities in Gauteng, South Africa. Potential employers of our learners were selected for the study, as well as members of the Advisory Committees, employers of our learners for the Industry Exposure period, hardware-and software suppliers and donors. The participants in the interviews were all leaders in the ICT field, who play strategic roles within their companies. Typically, the senior manager (probably the IT manager) and one or more line managers working in the company were incorporated in the interviews. A total of 23 IT managers completed and returned the questionnaire and personal interviews were conducted with a total of 30 managers.
This research project aimed to serve as a guiding project to test the methods of obtaining the necessary information from the industry, including personal interviews with ICT managers and completion of the questionnaire directly via the Internet. An important outcome of the research was an awareness of the importance of doing regular needs analysis projects in industry, probably every second year. The marketing value and the "personal touch" of conducting interviews should also not be underestimated. This project was an important first step in "putting us on the map" and informing the ICT industry of our activities.
In summary, higher education institutions need information from local business about the needs of the ICT industry, for the following reasons:
• The ICT curriculum can be re-engineered to meet the current needs of local industry
• Better curriculum and career advice could be provided to ICT learners
• The marketing of the ICT instructional offerings to prospective learners can be improved
• Closer contact with the local business community can be established.
Results of the first phase -new course structures and contents
During the research it became clear that the three or four years spent at an academic institution was not enough to teach learners enough about all the areas of the ICT field. Industry representatives suggested that our learners should start specialising during their diploma or degree program. The research also confirmed the importance of in-depth teaching and hands-on experience. The focus areas and contents of such specialisation degrees were also discussed and eleven possible specialisation areas were ident ified. Five of these fields received 86% of the total number of votes and were therefore clearly more important than the others. After completing this part of the research, our entire course structure was redesigned and four of these specialisation degrees are currently presented at our institution:
Business Applications . The business applications specialist field was supported very strongly. This course covers the creation and customisation of effective IT solutions to business problems and the management of those systems. The course comprises a thorough business education, as well as a solid IT background and a personal development focus. Typical career options for these learners are business analysis, systems analysis and project management. The training therefore takes the business analyst role beyond the ability to define business requirements and translate it into systems terms, but also teaches the learners how to quantify business benefit and be able to look for continuous improvement.
Software Development. Learners learn to design and produce software products and systems to meet specified needs so that they work reliably and their production and maintenance is cost-effective. An overwhelming majority of the participants regarded programming as an essential skill, regardless of the area of the ICT industry where the person works.
Communication Networks. Learners examine issues involved in the design, implementation and management of local area networks and their interconnections locally and through wide area networks.
Web Applications and -development.
The fast rate at which the Internet has been introduced to the world of work, has necessitated the separation of a career in web page design, web application development and webmaster.
The project had a drastic impact on the training programs offered by the department, as well as the future strategies and structure of the Department. Many changes and improvements were made to the teaching programs. For instance, the first year of study is the same for all ICT learners, followed by specialised training in further study years. Industry exposure and professional development remains an important part of the new course structure. Although our traditional role was to provide a new supply of learners with technical skills to the labour market, we are now also involved with professional training, to broaden or update their education to include non-technical skills. The non-technical skills and personal attributes required of ICT employees (and therefore learners) were also determined during the research project and subsequently included in the training programs. Changes to the courses have been finalised and implemented during 2001.
Follow-up research (phase two)
The purpose of the Business Applications department is to produce employees with strong IT-, businessand people skills, to bridge the gap between business and the IS/IT function. Literature refers to an "adverse relationship" and lack of "fusion" between business and IS/IT, necessitating a strong focus on analysis and interpersonal relationship skills. The next phase of the research process is currently being done to investigate the reasons for the lack of fusion between business and IT. The role of the analyst in creating fusion through requirements analysis and interpersonal relationship management, are investigated in depth. The industry perceptions of the roles and responsibilities of business-and sys tems analysts is determined and translated into industry needs and career options within the specialisation field of Business Applications. This part of the research therefore focuses on the specific skills, knowledge and attributes required of such learners and this profile will be updated from time to time and used as a basis for the four year BTech IT (Business Applications) degree course. The results of the research will assist learners in making informed career choices and are therefore shared with prospective and current learners. The process will have to be repeated for all the other specialization fields at a later stage, based on lessons learnt from this project.
Content analysis.
Available literature and discussions with prominent professionals in the ICT industry indicated that job titles and job descriptions in this field are by no means a clear-cut case, and the names Business Analyst, Systems Analyst and Business Systems Analyst are used interchangeably. Furthermore, titles such as relationship manager, business architect, client service manager and requirements engineer are also used to refer to this role.
Content analysis of a sample of job advertisements and position descriptions of, business analysts, systems analysts and business systems analysts is done to provide baseline information about the required profile for these positions. Relevant key words and key sentences that describe the roles and respons ibilities are collected from each entry, showing important aspects of the position. The importance of an idea is revealed in the frequency with which it appears in the text.
The required attributes and abilities of these employees are determined with reference to their
• role and responsibilities
• technical (ICT) knowledge and skills
• non-technical knowledge and skills
• personal attributes
The primary data consist of Internet job advertisements, newspaper job advertisements, instructional offerings at higher education institutions throughout the world and journal articles. Secondary data are derived from personal interviews with IT managers, practicing business-and systems analysts, relationship managers and recruitment specialists.
Personal interviews . Personal interview sessions and focus group meetings are held with business-and systems analysts in the Gauteng region of South Africa, to determine their roles and responsibilities. Both open -and closed questions are used during the interviews. The information obtained is added to the results from the content analysis. Included in the interviews are questions on the • organisational behaviour issues faced by business systems analysts
• soft skills required of business systems analysts when having to cope with these "people issues"
Preliminary results of the second phase research
The comments made by people from the ICT industry are very valuable to learners wanting to enter into a career as an analyst in the ICT field. These comments are communicated to learners, thereby giving them a clear picture of the career path and job requirements of the different positions in this area. As a result of the research, the role of the combination of business-and systems analyst is described to the learners as follows: Examples of valuable comments made regarding the world of the business systems analysis and relationship management, are included in appendix 1.
Benefits of the Needs Analysis Program
Research to determine the profile of the ICT industry and ICT professionals benefit our academic institution in many ways. It enables us to present up to date instructional offerings and, because the best and most recent information is available to the academic staff their lecturing abilities improve. Close contact with industry leads to mutual understanding, -support and valuable partnerships with the possibility of cooperative research between industry, lecturers and learners. Placement of learners in industry, with the purpose of gaining industry exposure, is facilitated. This process is simplified when a trust relationship exists between industry and higher education.
Limitations of the Research Process
ICT personnel (especially managers) have very limited time to spend on surveys. This causes delays in establishing contact and setting up meetings with participants. Due to the large number of ICT related industries and the time and distance restriction, only companies in the Gauteng region of South Africa are included in the study. The methods used for collecting employer views are potentially problematic, especially an Internet-based questionnaire -valuable input could be lost due to unreliable network con-nections. Responding to employer views may raise issues of academic freedom and doubts about the rounded educational development of the learner. Many academic practitioners are concerned that employers may have short-term views and disregard longer-term economic or educational strategy. One of the major problems facing many higher education institutions in South Africa is the delay between the design and implementation of curriculum changes. New qualification proposals have to be circulated to other higher education institutions, to ensure that all inputs have been gathered. This is a very timeconsuming exercise.
Information Flow from the Higher Education Institution to the Learner
Type of information
The type of information needed by learners to make an informed career choice is typically the following:
• The state of the ICT industry -now and in the future
• Careers in the ICT industry -now and in future (important quotes form industry)
• Training options (e.g. certificate, diploma, degree)
• How to apply for the study period -which forms to complete, the need to write an aptitude test and other logistic information • What are the requirements for entry into the different instructional offerings (e.g. Mathematics as a school subject)
• Subjects / topics covered in courses
• Industries and companies where learners can work after graduation
• Requirements of the job -technical knowledge, non-technical knowledge and personal attributes.
• With whom will they work (e.g. accountants, engineers, economists)
Methods for informing clients
Academic institutions use various "vehicles" to transfer the information to the client. Open days are held where all the courses offered by the institution are explained to the public. The disadvantage of such an open day is that prospective learners receive an overload of information on various fields of study and focused advice on ICT can seldom be given. Road shows are organised at schools in the region of the institution. Prospective learners and their parents are informed about the career possibilities within the ICT industry and the heads of the various specialisation areas give advice on relevant matters concerning the different options. The presentation should obviously contain updated information.
The specialisation areas and career options are covered in the study material of one of the first year modules. Hereby learners are forced to "study" and understand the differences between the focus areas. Learners have to complete an assignment on the career options in the different specialisation areas. Before learners finally select a specialisation area, the head of each department does a short presentation to first year learners. Academic staff must ensure that they base their choice of a career on the correct information and for the right reasons (not only for short term benefits such as initially earning high salaries).
Radio interviews, for informing prospective learners and companies about the training opportunities, and information sessions at companies in the region are also conducted. ICT managers, supervisors and human resource practitioners are invited to these sessions.
Conclusion
Being informed about the characteristics of the ICT industry and the career options within this industry is an important factor in making the right decision. What then, is the role of academic staff at higher education institutions when informing the clients about the options?
In the context of the higher education/industry relationship faculty should be involved in determining what changes have taken place in organisations and the ICT industry in particular. They should determine the various career options in the industry and the characteristics of each (e.g. job description, compensation, etc.). The required profile of these specialisation areas should be investigated and course structures and module contents should be designed accordingly. Prospective and current learners (as well as other stakeholders) should be informed through various means.
Higher Education should therefore continuously determine the profile of skills and knowledge in order to adapt its structure and programs to the changing needs of the industry. They should continually be looking for better ways to meet the growing demands of an increasingly diverse learner population and strive to offer training that meets the needs of the ICT industry, includes the latest technolo gy as part of the courses and gives the learner a broad enough base not to be stranded when product technology changes drastically. Learners should be enabled to grow toward whole, mature human beings who are productive immediately after completing the degree/diploma and who can learn and quickly adapt to new circumstances and new technology. 
